In this article, the framework has been prepared to investigate the various thermodynamical properties namely; entropy S, internal energy EINT and Helmholtz free energy 
INTRODUCTION
The complete thermodynamical study of alkali metal has its importance in heat transfer mechanism, metallurgy and material science. Many of the alkali metals have their melting points at or near to room temperature which makes necessary to investigate the properties of elements of this group in the liquid phase. The pseudopotential theory has proven its importance in the study of the liquid metals and alloys [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , but the liquid state of metal is very difficult to study with a very less adjustment in the parameter(s) of model potential because of its complex electron-ion interaction behavior in this state.
As a common observation, it is also found that the parameter fitting is required to achieve the agreement between the experimental data and the computed data in most of the cases. It shows a requirement of a kind of potential which can be useful to investigate as many as (ideally all) properties of matter in all physical states by setting minimum numbers of parameters. Hence, to remove this limitation of other potentials, in the present article, we thought it would be worthy to study of thermodynamical properties of some liquid alkali metals using the well-known universal model potential of Fiolhais et al. [16] .
Six different types of local field correction functions viz. Hartree (H) [3] [4] [5] [6] [7] [8] [9] [10] [11] , Taylor (T) [3] [4] [5] [6] [7] [8] [9] [10] [11] , IchimaruUtsumi (IU) [3] [4] [5] [6] [7] [8] [9] [10] [11] , Farid et al. (F) [3] [4] [5] [6] [7] [8] [9] [10] [11] , Sarkar et al. (S) [3] [4] [5] [6] [7] [8] [9] [10] [11] and Nagy (N) [12] are used for the first time with the said potential to the best of our knowledge. The PYHS reference system as used in [3] [4] [5] [6] [7] [8] [9] [10] [11] is adopted in the present computation for generating the structure factor.
With the help of analysis of our results and that of a recent review article of Dubinin et al. [1] , we established the fact that the PYHS method is sufficiently efficient for this study.
COMPUTATIONAL METHODOLOGY
The Gibbs-Bogoliubov (GB) approximation has been found an appropriate tool to study the thermodynamics of liquids metals [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . According to it, the Helmholtz free energy can be written as,
is the internal energy and can be further expressed as it consists three different contributions,
where Eion, Eele, Eele-ion can be expressed as in the ref [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Further to obtain the electron-ion interaction, the involvement of the model potential is required. In the present work, we use well-known universal model potential proposed by Fiolhais et al. [16] . Initially, this local potential was given with two different types of parameters known as Universal and Individual parameters. In the both cases, the potential parameters are given for solid state by the authors [16] . The potential was constructed to apply a wide range of elements in solid state. Afterward, the potential was tested from its transferability point of view for liquids.
Apart from internal energy EINT, the entropy S is also calculated by the following equation,
where Sgas, Sele, and SPYHS are the various entropy contributions as expressed in [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Further, the excess entropy Sexc can be expressed as [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] ,
RESULTS AND DISCUSSION
The input parameters used in the present computation are narrated in Table 1 . The computed values of the thermodynamic properties: Eion, Eele, Eele-ion, EINT, and various contributions to the entropy and Helmholtz free energy are shown in Tables 2-6. From Table  2 , it is observed that out of three parts of the internal energy EINT, the Eele and the Eion, have negative values whereas the third part i.e. Eele-ion gives the positive contribution. Eele-ion and Eele are potential dependent parts of the internal energy EINT. From the data given in Table 3 the influence of the various correction functions with respect to static Hartree dielectric function (H) on Eele-ion of Li, Na, Rb and Cs is found maximum upto 2.10%, 2.38%, 2.60% and 2.83% due to N-function, respectively, while 2.18% due to T in case of K. Also, it is found minimum 0.86% due to S, 0.79% due to S, 0.91% due to T, 0.67% due to S and 0.68% due to S for Li, Na, K, Rb and Cs metals, respectively. From Table 4 , the influence of the various local field correction functions with respect to static Hartree dielectric function (H) on EINT of Li, Na, K, Rb and Cs are found minimum upto 0.46%, 0.41%, 0.35%, 0.45% and 0.43% due to S-function, respectively. It is found maximum in percentage upto 1.12%, 1.27%, 1.88%, 1.72% and 1.80% due to N-function respectively. The presently calculated entropy contribution is compared with the experimental data cited in [1] in Table 5 . The deviation from for Li, Na, K, Rb and Cs is found 17.94%, 8.34%, 8.86%, 1.50% and 5.37%, respectively. The excess entropy is found for Li, Na, K, Rb and Cs 4.1%, 4.08%, 4.12%, 3.49% and 3.47%, respectively. It is also very near and experimental values those compiled in Ref [1] . The hard sphere reference system estimates the more promising value of excess entropy Sexs than the other system. Present results also follow the same fashion for this estimation for PYHS [3] [4] [5] [6] [7] [8] [9] [10] [11] reference system instead just as HS reference system. As compared to the Sexs by OCP reference system given in the article of Dubinin et al. [1] , the Sexs calculated in the HS reference system is found higher.
Apart from OCP, our results also show the same type of trend in the case of CHS method [2] . In other words, it is clear that (as HS system) the PYHS approximation also estimates higher values of Excess entropy Sexs than provided by OCP.
As shown in Table 6 , the influence of the various correction functions with respect to static Hartree dielectric function (H) on FH of Li, Na, K, Rb and Cs are found the minimum in percentage 0.45%, 0.40%, 0.33%, 0.42% and 0.40% due to S-function, respectively.
The influence of the various correction functions with respect to static Hartree dielectric function (H) on of Li, Na, K, Rb and Cs are found the maximum in percentage 1.12%, 1.27%, 1.88%, 1.72% and 1.80% due to N-function, respectively. The above analysis shows that for all elements under study, the influence of corrections functions with respect to static Hartree dielectrics function (H) on Eele-ion, on EINT and on FH is the minimum for S-and maximum for Nfunction (except in the single case of Eele-ion for K).
The comparison with the experimental data and present calculation can decide the efficiency of the method used here. The deviation from the experimentally available data cited in ref [1] with our calculation of for Li, Na, K, Rb and Cs (in percentage) is 2.88-4.04%, 0.67-1.92%, 6.47-8.23%, 8.02-9.60% and 8.69-10.34% respectively. Some ab-intio based results are cited by Dubinin et al. [1] . In which, they observed that the deviations from the experimental values for internal energy EINT for Li, Na, K, Rb and Cs metals are 4.37 %, 3.12%, 4.18%, 4.40% and 1.33% respectively. It means that for Li and Na, our results are much better than that those from ab-initio calculation. While for other elements like K, Rb and Cs with higher volumes that ab-initio calculation provides less deviation than the present results. It also shows that the change in trend, the deviation of our results from experimental values of the internal energy EINT in case of Li is comparatively less and in case of other than Li is found more, whereas for results of Vora [3] and for results cited in article [1] the situation is inverse. This trend in results favors the results of Thakor et al. [14, 15] .
The deviation from experimental data [1] in case of Helmholtz free energy EINT for Li, Na, K, Rb and Cs is 0.68-1.80%, 1.31-2.52%, 5.59-6.78%, 6.80-8.30% and 7.76-9.30% respectively. This shows that the very good agreement between the present calculation and the experimental data.
The potential used in the current article shows more influence of the correction functions than the potential used by Vora [3] and less influence of the correction functions than the potential used by Thakor et al. [14] . This means that the presently used potential is optimum sensitive to the local field correction functions and preferable to study the thermodynamical properties of the liquid alkali metals.
The established agreement between the experimental data and the presently calculated properties itself proves the worthiness of the application of the potential for a group of elements under study. Results show that the said potential is suitable and applicable to the liquid phase of the alkali elements also.
CONCLUSIONS
In the current investigation, five liquid alkali metals studied from the thermodynamical point of view. The internal energy EINT, entropy S and Helmholtz free energy FH are obtained using pseudopotential theory. Overall very good agreement between our prediction and experimental values of various properties are found. In the case of thermodynamical properties, we prove the transferability of the potential given by Fiolhais et al. [16] . The present study itself provides the excellent database for research, working with the liquid alkali metals. The seven different types of the local field correction functions are used for the first time with this potential. It is found sensi-tive to the selection of the proper local field correction functions on the aforementioned study.
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